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4.1

@

INTRODUCTION

4.1.1 Back6Tound

This volume contains the Grumman traffic capture assess-

ment conducted during the Space Tug System Study phase

culminating with this Data Dump. The results of the

capture analysis constitute a vital element in the flow

leading to establishing program definition and cost. "_

The relationships of this effort to other elements in

the flow, and of this volume to other volumes comprising

the data dump, are defined in Figure 4.1-1.

A total of six storable tug concepts, applied to four
different program options as shown in Figure 4.1-2,

were evaluated during this study phase. The purpose

of the capture analysis was to establish the effect-

iveness of each of the concepts, characterized in

Figure 4.1-3, in accomplishing the mission model

assigned to its program option. In addition, it pro-

vided definition of the number, type, and distribution

of flights required by each concept to provide a sig-

nificant input to establishing required Tug fleet

size, auxiliary flight elements, operations support, and
other elements leading to total program defintion. •

The material in this volume is organized to provide

both su_nary results and detailed accountability of

the derivation of these results. All parameters used

in the conduct of the analyses are provided and

identified to allow easy access to the specifics of the

capture assessment.

Section 4.2 provides a top level summary of the capture

results, permitting a quick camparison of the mission

models used for each program option, as well as the

relative efficiencies of each concept,

Section 4.3 contains detailed summary charts and the

details of the assessment itself for each option and

concept. In addition to mission-by-mission definition

of Tug flight distributions, it provides all perform-

ance characteristics used in the analyses, incremental

su_maaries for each generic mission classification

(i.e. geosynchronous, non-geosynchronous earth-orbital,
and planetary), and inputs to the Programmatic/Costing

effort.
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4.1.2 Groundrules, Guidelines) and Assumptions

The capture analyses were conducted within the frame-

work of guidelines and assumptions consistent for all

concepts and options, with limited exceptions for

unique circumstances. The exceptions to the general

groundrules cited below are listed at the beginning

of the specific section to which they apply.

a. The primary goal of the traffic assessment is to

minimize the number of Tug/Shuttle flights required

to capture the mission model.

b. For this an&lysis, a mission is defined as the

transportation of a specified payload to or from

orbit. A flight consists of one or more missions.

c. A clear Orbiter P/L bay volume of 60'L by 15'D

is assumed to be available for P/L and Tug plus

auxiliary flight elements (i.e. kick stages, retrieval

delay modules, etc. ). Clearances for rotation are

recognized but have not been considered in this

analysis.

d. Sortie missions must remain attached to the Tug

at all times from lift-off through landing. The use

of kick stages, retrieval delay modules, and expend-
able mode Tugs are excluded fr_nconsideration.

e. A maximum of three (B) payloads may be deployed

on a single Tug flight.

f. Only one (i) payload may be retrieved on a single

Tug flight.

g. Mixing of NASA and DOD payloads is not allowed.

h. NASA missions 1-8 may be mixed on a single Tug

flight in any mode.

i. NASA missions 12-16 may be mixed on a single Tug

flight in any mode.

j. NASA planetary payloads (missions 17-2_) and

payload 9 must be single deployment flights.

k. DOD payloads may not be mixed on a single Tug

flight in any mode.

PACE l_- 2



i. DODflight modes (i.e. multi-deployments, round
trips) must be consistent with Table A-4 of the
"Space Tug Systems Study Annex A - DOD Mission

Descriptions", dated 15 February 1973.

m. MUltiple deployments of NASA missions 12-16

require no Tug phasing for payload positioning

within an orbit.

n. Payload weights and dimensions quoted in the
NASA and DOD mission models are assumed to include

allowances for adapters between the Tug and payload,

and between multiple payloads.

o. DOD mission 32 (3A) may be deployed either singly

or in a package of two. No orbit positioning is
required by Tug.

p. DOD missions 36-38 (lla-llc) may be multiply

deployed as a unit. No orbit positioning is required

by Tug.

q. DOD mission 29 (12b) is assumed to have a fixed

weight of 2400 ibs.

r. Expendable Tug flight modes will be considered only

for planetary missions.

s. A maximum of two NASA payload 16's of Low Cost

Design may be carried on a single Tug flight to comply
with Shuttle abort constraints.
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4.2 SUMMARY DATA

While the variations in mission models and performance

requirements for each option make comparisons of Tug

concepts extremely complex, it is inevitable that such

comparisons will be made. In order to place any such

comparison in proper perspective, certain fundamental

considerations must be kept in mind.

The mission models for the four program options were

each dervied from a Total Program Space Tug Study

Traffic Model, Table 4.2-1, but none of the models

duplicate it in its entirety. Option i does not

consider payload retrieval at all while Option 2

excludes al___lTug flights prior to 1984. Using the

Total Program model and the groundrules established

for each option, the mission opportunities afforded

by total program traffic have been compared to the

option mission models in Table 4.2-2. (For this

comparison, as well as for the capture analyses them-

selves, sortie missions have been tracked separately
because of their unique requirements. Since a sortie

mission has been treated as a deploy plus retrieve in

the directed mission models, simply adding the number

of sortie missions to both the deploy and retrieve
cited in the Grumman analyses will yield the directed

mission distributions). The ccmparison of mission

models shows a significant variatlen in total opport-

unities, but a fairly consistent capture of those
opportunities by the individual option models. It is

interesting to note that the increase in required

retrieval capability between Options BA and 3B (2200

and 3500 pounds respectively) increases capture by only

one percent, a total of nine missions.

Similarly, the individual Tug concepts yield a wide

range of performance capabilities under the influence

of the specified option requirements. Table 4.2-3

summarizes the geosynchronous performance capabilities

for the primary flight modes of each Tug concept,

providing s_ne visibility into their relative abilities.

Table 4.2-4 summarizes, for each Tug concept, the

number of Tug flights in each basic flight mode (i.e.

deploy, retrieve, round trip, and sortie) required to

capture the mission model for its option. Using the

PAGE 4--l 7



D
mission model canparison (Table 4.2-2) as a point of

reference, it is possible to c_npare the concepts on
the basis of efficiency from a traffic capture stand-

point. While such a comparison is admittedly rudi-

mentary, not considering operational complexity, devel-

opment risk, or overall program cost, it does reflect

one aspect of desirability - that of maximum load
factor (payloads or mlssions/flight). Fr_n this

viewpoint, Table 4.2-h shows that Concept 310A/B20AE-BA,

a two stage design, is more effective than any of the

other concepts, with Concept 4lOAD-2 a close second.

The influencing factors in this conclusion are the

number of round-trip flights employed and the relatively

low number of dedicated deployment flights. Since

each of the more effective concepts perform comparable

numbers of round trip flights, the basic discriminator
becomes the deployment flights, where Concept 320A/320AE

enjoys the advantage of considerably more multiple

payload flights.

D
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SPACE TUG 5"I'UDY TRAFFIC MODEL

I

2

4

5
6

-/

8

_,UB-TO'_A L

9

IO

li

IZ

13

14

J5
fro

_,_B- "TOTAL

i-/

18,
19

2o

21

22

23

24

SIJe,- TOTAL

TOq'A L

Z5 (2)

2_ (3b)
27 (_5) I.

29 (t2b) _::)Rnl'tF..

31 {.4q)
SuB- ToTAl.

"'3z r._,a)

a,3 <4b)

3_ LHo)

3-/ (ub)

38 L.c)

--I _9 C s )

40 (_,)

_UB - T_'rA L

TOTAL

OPTIO_ : TOTAL TRAFFIC

CURRENT UOW COST

OES,G_I OES,&U CALENDAR YP--AR
TO'I'AL

WT L D WT L O 80 BI 82 8_ 84 85 8G 87 88 B9 90

7_ -/ 5 1400 9 (0 j/i" / i//" /.-" I//" ../" _ .... i./'- b-/" ../ _'/ 8....-I_"0-

_o _ ¢ _oo 8 1'6 .-/i t../ -

_ooo _ s _ooo _ , s/ ...._'"'ffi-!/Y-!_q-'"_ 'i
!-i! I

_ooo ,_- ,o _soo ,o ,4 / / _ / _-- /- ..- ..._ /" ..-'- z_
s5oo _o ,_ "_eoo 20 _4 ./ .-/ /-/ .--' -- -- -"" ,/J" _.----'_o

I&oo I_ I0 ZSoO ,_ 14 / /-""- /""' ./" t .-." . , ' :

2500 Ib I Z 40_0 1_ I& .// /" " / / " "" J /" /'_" Ii I/ = .'1 / =" ;'// / I . 4 _ 0

-- i- z / z/--'_o
5ooo I'f IZ (_eoo I_ 14 i_/ !- .....

' o 0-'6 _--0 o o _.--'o 01o _ b-,-o o.--_s---_[.--o!._

_o iz _ i• @ z.-_:_--z z--z _--_: _71_'i_ _--_:I_--_ i_Iz i'_

_oo ,_ ,oL_...--'-'../-i.-/'_/-_-- .- ,... .......w" _-_ .t--_lg--'_
!24o0 _o ,o .i- f./" 111/i ./ I//i . i.-, -"" I--"'I I" :I" I

_ •
.-" I-"" I.."" I /0II

5480 z5 !i5 , ---" zj" .----..-- _
4..-__,_.--_.r_---__,--£j_---7._-,_s--,17 _,_- s _-#!9---_b,-_J_i

z4_o 2s ,_._z-z-z../Z z..-_ z.--_. ?----z ._-_'z....../z _.-.--'zz----z ?..._]z .z iz._...-.,_
8s0 9 _,Is/ " is--"".-' ;.-- ",.-/ .... " '
_,_o _ _ ,_.-.... --" _.--' 9.--" --" - I---"

r- 85o 9 _ _/" /" /J "_
7_5 _ 5 ..-/- .--.........i _..--#..-----t.--"_ a ._ .-- ._.----31-....:,g_-.--'_

_.7 --_ -. ,--/ _k->- J _ _ 4 " _-'_- z--Z -- :_J'_

_ooo 20 ,%.-"2.,'_."_.184 19 _ IZ---7[IO _5 _ I_-IO"'T.I-_ II 12-.-_,}1%.6[L_---4_,

:---I ! " ....I I ' i I i _JZ -t

i, ".'l [- " ! 1 " II 1 _-,_:,l,.__-._I_!£L:.__ -g.,::::._L_._L:.3_J_:L____ _
COMf_I-IE O

,-.T 0 "T'I.. l.

TABLE 4.'2-1 '

P..-_(; E 4 - 9



C1
O

cl.)

<I:
(v)

i'M

(-(h

I

F
I

to-
t
t

!

i
t
P

i
I

i
J
i

r

If)
(xl

i

I:13
o',,
,......

(:lC)
Ox

cc}
ii3 O

I

o',

I'--

O"

c)

IS)

(3
o',
If)

O
,,9

c-I
t 0",

or)

(TI
00
(I")

er_
(I3
11"1

C',,i

,,.9

i1"1

,,9
p-

I'-

i
!

o

'RI

('IF)

ITI
',,0
I.D

I1"1
l.l')

(l')

O
',D
l'l')

C')
O',

Ox

C_

C"q
Ch

Z:
Oi

I:I:

0
L./

...1

0

Z
0

_2

e,l
i

N

ILl
.J

<
P

0
0

5;

Z
o

I[

C__:__:..;3ILl N CI..Ll::::lOddO

I'-
Z
ILl.
LI
CIC
ILl
EL

PA_E 4- 10



Z

Z

o

o_

0

0

cv

0

0

ed

..-r

C_J

DA tTM. r I, -

_<

e_

u_

na

!.i

r.:]

o

0

0

!

b_
_.1

ca



cO
cf)

,,<
n")

ILl

0

o

u.l
0c

o

(1)

o

N
II

c_

0

m

I

0

bJ
C_
0

s

I

_I

b.

cO

(Ix

b.l

o
It')

IT)

u.i
OC
0 g
-- xT
Or)

N

0

Col
QQ

N

>-
0
_J

LLI
C3

I
t

Cf) ,

nc_

0"

- I

!

]

I

I

x}" or)
m

I

• I

0 0

CI.

uJ F-
ILl

ILl C_ --

z F-

N3

0_

V

O
o_

m

U3

ffl

t_

,,9

tM

_ ..z,
V

O

Z

I-- _a
.J 2

-J ._ O

>

J J _.

I. I- I-

Q _ Q

m ,_" eq

gl u'l _

u o

tO
t_
F-
O
z

u

U..
U..

0
QJ

I

_N

.J

PA(,_E 4- "i ?



4.3 Mission Accomplishment Analysis

This section contains the detailed results of the traffic

capture analyses conducted on each of the six Tug concepts

included in the four study options. The material is organized

to present each option, and each concept within that option,

sequentially beginning with Option 1. Since the type of data

presented is identical for all concepts, the following des-

cription of the analysis approach applies to all subsections.

Considerations unique to a specific option or concept are noted

on the applicable subsection cover page.

Mission Model

For convenience, the mission model used in the capture

analysis for each option has been included. Subtotals for

each generic mission grouping (i.e., geosynchronous, non-

synchronous earth-orbital, and planetary) have been provided

in addition to NASA, DOD, and combined totals to permit direct

comparison of mission and flight distributions at finer levels

of detail. Each Tug concept must capture every mission in
the model.

concept abc

Performance
,|,

As a point of reference for the ensuing capture analysis,

the performance characteristics of the particular Tug concept

are presented first. Any special considerations applicable
to the derivation of performance characteristics are listed

on the cover page.

The performance data for each concept follows the same

order of presentation, as follows:

• Flight Modes

For clarity, pictorial representations of each of the

flight modes considered in the capture analysis have been

provided. Additional details are contained in Volume 6.

O Geosynchronous Performance
The Tug concept characteristics required for calcu-

lation of performance capabilities have been extracted from

Volumes 5 and 6, and the applicable geometry constraints

and performance characteristics tabulated. Each parameter
used in the capture analysis has been "bo_ed in" for ease

of identification and parametric data has been referenced

where appropriate. For the evolutionary concepts (Options

3A and 3B), the initial Tug version is presented first.

Where required, parametric presentations of the geo-

synchronous performance data follow the tabulations.

Each of these presentations is appropriately labeled as

to Tug version and parameters considered.

'D A ,_" ;'



_.3.X.Y.2

4.3.X.Y.3

0 Geosynchronous PerformanceSensitivities

The performance sensitivities for the core vehicle

only are tabulated for each concept.

o General Performance Characteristics

Generalized performance plots ( AV vs P/L vs i) are

included for each flight mode. Each plot identifies the

reference geosynchronous performance capability as a "dot"
on the i = 28.5° capability curve. The consistent order of

presentation is basic Tug first, followed by core + kick

stage. As with the tabular data, the initial Tug data is

presented first for evolved Tug concepts.

In order to meet the schedule of preparation for

the Data Dump, the capture analyses for the first three

Tug concepts were completed prior to final refinement of

vehicle weights. The refined weights for IIOA-I, 410AD-2,

and SIO/31ORE-BA showed increases in Tug/Orbiter adapter

weight and Tug fixed weight which, in turn, affect the

performance capabilities of the Tugs. Table 4.3-1

s_marizes the weight and performance differences. In

all cases, the performance capabilities differ by only

a small amount. Examination of the completed capture

analysis indicated that the corrected performance figure

would have little effect on the results. The most pro-
found effect would be noted in the mixed missions where a

re-arrangement of the combined payloads would neutralize

the impact.

Fli_ht S_mmmr_

This represents the first of the three successive sub-

sections of the capture analysis which constitute the Mission

Accomplishment input to the Programmetics/Costing effort

reported on in Volnme 8. The Flight Summaries are presented,

in order, for NASA, DOD, and c_nbined NASA/DOD traffic. The

entries for each concept are intended to emphasize the principle
characteristics of the subject concept. These summaries are
augmented by more detailed summaries with finer resolution conk
talned in the Detailed Traffic Assessment Data (paragraph
4.3.X.Y.6) following the generic mission groupings.

Information relative to expendable mode and WTR operations

may be obtained from the Flight Element Requirements (paragraph
4.3.X.Y.3) and/or the Detailed Traffic Assessment Data.

Fli6ht Element Requirements

These summaries are the second input to Programmatics/

Costing. The charts identify the number of Tugs and auxiliary

flight elements flown each year for each of the categories

listed. For those Tug concepts employing kick stages, recovery

of the kick stages is determined frcmthe Flight Summary and/or

Detailed Traffic Assessment Data. In addition, summary descrip-

tions of the kick stages used are included where applicable.

As with the Flight Summaries, the order of presentation is

NASA, DOD and Combined NASA/DOD traffic.

PA{_F 1,_ II,



_.3.X.Y._

.3.X.Y.5

4.3.x.Y.6

Initial Flight Schedule - Pro_rammatics/Cost

This constitutes the last input to the Programmatics/

Costing effort. In the capture analyses, it was assumed that,

at Tug IOC, enough Tugs of full capability were available to

accommodate the entire traffic profile. The Programmatic s/

Costing and Operations efforts, however, were subject to hard-

ware delivery schedules, turnaround capabilities, etc. which

dictated that they assume a graduated build-up in the number

of Tug flights flown in the early years of a program as

explained in Volume 8. These build-up rates will affect the

degree of mission capture as well as the deploy/retrieve com-

bination opportunities in later years. Using the definition of

numbers are type of Tug flights to be flown during the build-up

period, a representative list of the flights to be flown was

compiled from the traffic distributions defined by the capture

analysis. These lists cover only the years when the build up

rate results in less than complete satisfaction of the capture
analysis requirements. It must be emphasized that the costed

Flight Build-up charts are only representative since different

flights and different combinations of mixed payloads could be
selected to satisfy the build-up constraints. Since the effect

of the build up rates on total capture is so dependent upon

the specific payloads flown, and that selection is dependent on

payload priorities not available for this study, the effects
have not been included in the traffic distributions contained
in this volume.

Additional Payload Capture Potential

This material is presented in accordance with the

direction supplied by NASA. Where required, clarifying notes

are included on the cover page.

Detailed Traffic Assessment Data

This paragraph contains the detailed analysis from which

the stmmmry charts in the preceding paragraphs were extracted.

The material is organized in the following order:

o NASA traffic assessment data

o NASA geosymchronous mixed missions

o NASA non-geosynchronous mixed missions

o DOD traffic assessment data

Each mission (payload) is addressed individually

identifying the specific flight mode and number of Tug

flights required per year. For the NASA traffic, mixed

payload flights are identified first. The •specific make-up

of these mixed payload flights are identified in the
appropriate mixed mission sheets which also indicate the com-

bined weight and volume utilized by the payloads. Where the

combined payloads could be arranged in alternate ways, the

PAGE 4- 15



combined dimensions of these alternates are also included.
In addition to the mixed payload flight distributions, the
Traffic Assessmentsheets list each payload that is flown
independent of other payloads. At the conclusion of both
the NASAand DODtraffic Assessment sheets, the flight
distributions for each generic mission grouping are summarized
with a finer delineation of flight modesthan was possible
on the Flight Summariesand Flight Element Requirements. A
detailed total summaryis also provided.

The assessmentwas conducted within the confines of the
groundrules, guidelines, and assumptions cited in paragraph
4.1.2. Generally, the approach was to comparethe weight
and AV required for each payload, or combination of payloads

if allowed, with the available P/L length and performance

capabilities defined for the concept. An overlying goal

was to minimize the number of Tug/Shuttle flights required to

effect mission model capture. As each flight was defined, it

was entered in the appropriate location on the assessment
sheets.
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Deploy:

Retrieve:

4.3.1 OPTION 1

3500 ibs.

0 ibs.

starting Dec. 1979

Para

4.3.1.1

4.3.1.2

4.3.1.2 .i

"4.3.1.2.2

"4.3.1.2.3

"4.3.1.2.4

4.3.1.2.5

4.3.1.2.6

Subject Pa_e

Mission Model 4-19

Concept IIOA-I _-21

Performance 4-21

Flight Summary 4-29

Flight Element Requirements 4-33

Initial Flight Schedule 4-38

Add'l. P/L Capture Potential 4-40

Detailed Traffic Assessment Data 4-42

*Inputs to Progranmmtics/Costlng - Volume 8
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4.3.1.1 Mission Model

Table 4.3.1-1 Space Tug Study Traffic Model

(Option i)

I
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5PACE TUG 6"TUDY TRAFFIC MODEL OPTION :

TAI_LE 4.5. I - I



4.3.1.2 Concept IIOA-I

4.3.1.2.1 Performance

o Flight Modes (Figure 4.3.1.2-1)

o Geosynchronous Performance

o Geosynchronous Performance
Sensitivities (Table 4.3.1.2-1)

o General Performance

(Figures 4.3.1.2-2 thru-4)

4-22

4-23

4225

4-26

Conunents:

no The Tug provides no capability for longitudinal

positioning of payloads after attaining orbit.
The payload (or payloads) is assumed to have

on-board capability for any additional maneuvers

required for final positioning.

b. No retrieval capability is required.

PA_F /,- 71



CONCEPT _o_-I

FLIq HT MODF._
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P/i. Miss_o_ Ofk_

2. CORE •+ AK5 DEpLOy

/- - -._'-K$*P/I,, -- M_sslon Orloi_

/
W

/
/

5. CORE EXPI_.NI::)ED DEPLOy- PLANETARY ONLY

.P/l_

W
shuttle O_'_oi_"

FIGURE 4. _.I.'2. - I
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CONCEPT D_O A - I

GIEO%YNCH OEPLOY PERFORH ANC_"

WL = Wpu_ -_*D.,,'_

= 6,5000- t'z'79

w_ = 6377- _ tbs

rap = 327.'2 5ec

_SPEIr F - (.q_'_) "_:,p = 321./_7{t,%eC

W_o = Ww,_b * 0.17 Censu,_,do|t_

-- 5191 -_ O. lq C

Tulg Le,-,,_ = LT = 335 ;n

AI<5 Leng_'_h -- Lv, = /ohm

Available P,/L Lensfh = 720 - 55 5 = 385 ;n

: 720- 335-6& : 319,'.

NASA _%51Ot4 $

WITHOU-F %<_c_< %'-TAGE_

Wso = 3191 4 o. t7(37..9) = 3247 Ib$

W%T_4 Ix,_C K _-r AG E5

Pt_e_or_ 14,ss,o_s

K S iO I We/... -- (_e$ F,_j 4.:3.t,Z-5 )

GE.o%Y_C_ _155_o_3

K% IOZ w_
<Re¢ _ 4,3.1,'Z-4.)

PAGE 4-2_



COMCEP3- ilOA-i (¢o_I)

tgOD M_SIO_45

WLTv_oU-r K_CK %TAGES

W_o = _e.oo4_s_) 4- AW/co,,4_

= "5247 -t- 13

- 32(,,0 IbS
,..===,_,.,_=.

Wp?L : _(3zl./_,%-_z(_oibs) = 3904 lbs I(_.¢ lq_
4,_.I.2-Z)

WI-T_4 _ICV,, %q'AGE,_
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4.3.1.2.2 Flight Summary

Table 4.3.1.2-2

Table 4.3.1.2-3

Table 4.3.1.2-4

NASA Traffic

DOD Traffic

Combined NASA/DOD Traffic

C_mnents-

a@ From a Tug viewpoint, all deployments are single

payloads, regardless of the number of payloads

actually carried. A more detailed breakdown has

been provided to satisfy other efforts, such as

Programmatics/Costing and Operations.

v
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4.3.1.2.4 Initial Fli_ht _Sched_l _ - Prozran_atics/Cost

Table 4.3.1.2-9 Costed Flight Build-Up

C ts:

ao The capture analysis traffic distribution identifies

P/L #8 as a mixed-P_ flight of D1 + D8 in 1981.

To accommodate flight test requirements, it would

be flown as a single P/L flight using an AKS although

the core vehicle has adequate deploy performance

capability.
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FL I ¢_H'r

I
I

2

3

4

5

PAYLOAD J£D OF PAYLOADS FLOWN

198o 1981

8_9

_-f I0

26 | I

1*8

1.5+4-

082

G :5-_ 5 * 3

7 25 + Y_5

9 BI

Io :34

I I 55
i ,

_z 5.5

AL L

TOTAL
P/L'S FLOWN _ I 8 24-

1-O -FA L PIL_

_._L_o 25 25 Z4

l"crrA L F1-1"5 L5 17
_C_ EOI..,)LE. D

CONCEPT IIOA-I

CO&TED FLICaF4T E_UILDUP

-TABLE 4.%.1. "2- 9
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4.3.1.2.5 _dltiorml Payload CapS.@ Pot_t_al

Table 4.3.1.2-10 Additional Payload Capture Potential

None
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/+.3.1.2.6 Detailed Traffic Assessment Data

Table /+.3.1.2-11

Table /+.3.1.2-12

Table _.3.1.2_13

Table /+.3.1.2-1/+

NASA Traffic Assessment

NASA Geosynch Mixed Missions

NASA Non Geosynch Mixed Missions

D0D Traffic Assessment

C_s-

a. All missions are core only unless otherwise noted.
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4.3.2 o zo l

Deploy:

Retrieves:
3500 ibs.
3500 ibs.

starting Dec. 1983

P_"

4.3.2.1

4.3.2.2

4.3.2.2.1

_.3.2.2.2

%.3.2.2.3

_.3.2.2.4

4.3.2.2.5

4.3.2.2.6

Sub lect Paze

Mission Model 4-52

Concept 410AD-2 4- 55

AIOAD Performance 4- 55

/_IOAD Flight Slmmmry 4-72

410AD Flight Elememt Requirements 4-76

410AD Initial Flight Schedule 4-81

410AD Add'l P/L Capture Potential 4-83

410AD Detailed Traffic Assessment Data 4-85

*Inputs to Progrsmmatics/Costing - Volume 8
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4.3.2.1 Option 2 Mission Model

Table 4.3.2-1 Space Tug Study Traffic Model

(_tlon2)
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/..3.2.2 Conceut ,Zt.._OAD-_

4.3.2.2.1

o

•IOAD Performan@_

o Flight Modes

- Figure _.3.2.2-i

Geosynchronous Performance

- Figures _.3.2.2-2,-3

o Geosynchronous Performance Sensitivity 4-63

- Table _.3.2.2-i

o General Performance 4-64

- Figures _.3.2.2,4 thru -ii

bll

For multi deploy flights, the Tug provides a one-time
60° longitude shift capability after attaining mission

orbit for payload positioning.

For triple deploy flights, one P/L is deployed upon

insertion into mission orbit. The rmm.4n4n_ two

P/L' s are deployed following a 60° phasing _ the

Tug.

P GE4_---5-5
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C-.ON CF_PT AIOAO-2

GE.O bY NC H PER I:::ORI,,iANCE

REFERENCES :

O. 41OAD- I Co_cepJr beg,_i_on j Issue 1 _dcxxLecJ I(. August 1973

" |1

b. 881Mo47- 73o54."Tu_ Re_u,remen÷_. RevisiOn _. Ad_ 15 Au_ 1975

GENERAL "LNFO RK,IA71 o IN

W; = P/Lo- WAb,,p-r

: Gsooo- _Z79

Yq_ = (.3721 I_

332.254 _ez"

O(Ioi}er F/L I3a_ Length : Lo : 7ZO,n

Avn, lakle P/L _a_ Lens{'l.= Lp = Lo-(L_ "_z;L_)

L pc_/oK.5.)

Lp(,u.,,7 _(.s,)

= 720-297 = 4_-_ ,_ :

: 720 - (_97-_ G6) = 557 ,n :

=7'2o -('zq7_ 152 ) = 2ql ,,_ :

hlO'T...__..£,_K,ck 5_:-5e D_c, meter= _O-IZ _r_r

WITHOUT KICK STAGE5

_,__n_Ie pa_)load

WSo(.t:;,epio,.3 ) = W_:,z-V4R'_v "--_)41:3+ 0.1"1 (550)-107

Weo(.Re.'rr_eve) = W_-£ = :54t5-*.0.'2_(.491 )

Wso (_zo,,,_a-rr,f ) = VVSo_ = 154t _ • 0.7_7 ( 6o?_ )

PA!]E _- 57
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: 3550
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CONCEPT 410 AD-2, C:_nf )

_l___n_le ____]10ad Coo.t]

I : IO6O Ib_

_._4._.z.z4-J

¢ Re{:

_I_ ReC4.'_,2.?-G )

MulH- _j!aads

WpIL c oep_ob )

WF/L (R..._I T,p )

K5 4Ol

14213o --

STAGES

ix.leon- UJRTRV= _41'5.0.17('265)- IO7

LtJP/L _.P|o,l'lei-.-lr__ ) = _"(p/L_t, _v) -- 5000 Ibs I See•to riq 4._._.2- 7
I ,w= i8.4a_ f_s I

LUBO = UJeo_ = _41B*O. 17("z_5)-lo7 = 3:351 Ib3 C-Deplo 9 Fl;_hl)

I._, = uJ_[ = 5415 t" O-g_ {Geo} = 359_.__8Ib.s (_='l'r,ev¢ Fl,.gh| )

L_)P/L = C (" uJ;, IX.lifo, T-SPE, _V ) =
I S¢C

3920 Ibs _i_ 4._._.2-8

K% 404 Double P/L Oefllo_ - Ind;v;dual ReFr,eVr, I o_ Lc,fer Fh_._.

_ = W,o_ .. 54_ 5 • O.'2B (.(.(_0) = , :3598 Ibs Client,evil Ft,S_,t )

UIJp/L = CC_,,_,o,_ ,Av)
_eC

2770 Ib_/p L F_% 4.5.2.2-9
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CONCEPT 4lOAD-2 (co,d;

5m.__._._le P/L Igou_d T'Y'l'_

,= UO_,_t = 34 13 + 0.:2-/( _29- ) = 5554 Ibs

i Sea
2Co40 Ib5 F_ 54._._.z-(o

KS 4o5A,

Ut3_ =

UJ I:,/L.
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CONCEPT 41OAD-Z (cone)

DOD _ 15S_O1_-S

Wr[Ho_)T K,_v, S"T',,4_e...S_

-_C P---

W;,IL Clze_,ve'_ "

152 b I_s

IO44 Ibs _';_ 4, 5.'z.'z-G,

_ulf_- P_,-j_o__._._

Wpl_. CR_kr,eve _ =

W_-T_4 KICK S"TAGE6

Use NASA K,cK SfQge penC°rY_c_nce

See Fig_tf_s 4. B. 2.'Z-_ fhrough
-II
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4.3.2.2.2 AIOAD Fli_ht _w._Fy

Table 4.3.2.2-2 NASA Traffic

Table 4.3.2.2_3 _OD Traffic

Table 4.3.2.2_4 NASA/DOD Traffic

None
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4.3.2.2.3 ZIOAD Fli_nt EIAmAnt Rec-4_zan_fl

Table 4.3.2.2-5

Table 4.3.2.2-6

Table 4.3.2.2-?

Table 4.3.2.2-8

NASA Traffic

DOD Traffic

Combined NASA/DOD Traffic

Concept 410AD-2 Kick Stage Definition

a. Deorbit kick stages are accounted for in the year they

are launched, not in the year they are retrieved.

b. Deorbit kick stages launched prior to 1984 to support

Tug P_ retrievals are charged to the Tug program.

c. Deorbit kick stages required to support ._ _I" _et_iev_Is
and launched in 1979 are accounted for in 1980.

d. No Deorbit kick stages can be launched prior to 1980.

PA' E4-
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4.3.2.2.4 _IOAD Initial F11_ht Schedule

Table 4.3.2.2-9 Costed Flight Build-UP

None
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FLI G I-i-I"

!

Z

4

5

6

"7

8

9

IO

II

12

13

14.

JS

Iro

r/

18

m9

Zo

21

7Z

'23

_4

Z5

ze,

Z7

7-.8

19

5O

31

!5Z

3_

FL-f_= FLOW_4 /.%CI_ED

P/L DEploy: I:I-oWN/sc_tED

Pll. RXR_ s FLow_/_£W_

TABLE 4.3.2.?--9

"19 84

D-8

D-8

D-9

b-10

D-18

D-18

0-20 (_s)

D-Zo (.vsJ

R-12

R- t3

Ol • RI

DI _ RI

DI4 + Rt4

D-7-8 cKs)

D-?.8 (Ks)

D- St (_s)

D-31 [_.s)

D_7-1. D37 _ D37

D39 + D39 * P3_

PAYLOADS. FLowN

19 85

0-7

0-8

D-8

R- 5 (Ks)

R-S (_)

R-S (_;

DI + R3 (vs)

D3 _r R3 (v.s)

D3 + R3 Cws}

D=J + R5 (.ws)

D4 + R4 (._s)

D_, + R5 (¢s}

D"/ * R I (_s)

D!,I ,* ,Rl!

DI_, * RI(,

D|_ + RIb

DIb _"R I(o

UIT--_DI4 t R,l'_,t

R-B4 DB-_ DiS * RIS

DzS * Rz5 O-3o

DgS + R Z5 D-.-30
--N

D35 *R35 O4o* p

D35 • R35 D58 ", O3t'-*D38

Dz5 • Rzs

DZ5 * Rz5

DZ7 _ RZ7 (v.s)

D:33 + P, BB

D35 ÷ R'_5

b3S * KR5

_ORTIE 4 I

2(_/ 3"7 _4 / 3_

II/ 27

o/o

CONCEPT 410AD-2
PAGE E- R?

19 8_

ALL
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38 / _8

_,'z / 3 z
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4.3.2.2.5 ZIOAD Additional Payload Caoture Potential

Table 4.3.2.2-10 Additional P/L Capture Potential

a. Time did not permit the examination of additional Tug

flight modes, such as on-orbit assembly for two stage

operation or modified kick stage applications.

Rough estimates indicate that if KS 405 were used as

a single P/L deploy with subsequent retrieval by a

dedicated Tug flight instead of round-trip, it would

have adequate performance to deploy and retrieve 5500

pounds at geosynchronous conditions. Since this

estimate cannot be substantiated at this time, however,

additional capture potential for missions N-6 thru
N-8 has not been claimed.
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4.3.2.2.6 _IOAD Detailed Tr_f_i _ Assessment Data

Table 4.3.2.2-11

Table 4.3.2.2-12

Table 4.3 •2.2-13

Table 4.3 •2.2-14

NASA Traffic Assessment

NASA Geosynch Mixed Missions

NASA Non-Geosynch Mixed Missions

DOD Traffic Assessment

Comments:

a. Kick Stage Designations enclosed by parentheses ( )

indicate retrieved Kick Stages

b. All missions are accomplished by the basic Tug core
unless otherwise indicated.
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310/310RE Initial Flight Schedule
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4.3.3.1 Option 3A Mission Model
|

Table 4.3.3-1 Space Tug Study Traffic Model

(Option 3A)

COMMENTS

None
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4.3.3.2.1

4.3.3.2 Concept 310/310RE-3A

320A/320AE Performance

o Flight Modes

- Figure 4.3.3.2-1

o Geosynchronous Performance

- 310

- 310RE

- Figures 4.3.3.2-2 thru -5

o Geosyncrhonous Performance Sensitivity

- Table 4.3.3.2-I

o General Performance

- Figures 4.3.3.2-6 thru -9

Page 4-104

4-105

4-i05

4-107

4-110

4-114

4-115

COMMENTS :

ae For multi deploy flights, the Tug provides a one-time

60 ° longitude shift capability after attaining mission

orbit for P/L positioning.

b. For triple deploy flights, one P/L is deployed upon

insertion into mission orbit. The remaining two

P/L's are deployed following a 60 ° phasing by the

Tug.

C • For double deploy/retrieve round-trip flights, one

P/L is deployed upon insertion into mission orbit.

The remaining P/L is deployed following a 60 ° phasing

by the Tug. The retrieved P/L is assumed to be

coincident with the second deployment.

de The 310RE Retrieval Delay performance (Figure 4.3.3.2-5)

is corrected for the weight (544 Ibs) of the Retrieval

Delay Module•
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REFERENCE_ :

CONCEPT 310-. A

GEOSYNCH DEPLOY PERFORMANCE

Q. 3AIO-I ConceFi De_ini_-ion._Issue l_d_÷ed ICo Au£ 1975

_. I_BIMO47-"/3054_" T_9 P_eg.u;remen_s,_evlsim 2," aQkea 15 Au9

G EI,,IEIRAL |I4FO IRI_I/_TlO N

WFIX_D = B175 )bS

WAI:}Ap-I'£R = IZZ% t_S

15P = _ sec

ZSPE = 0.98_ .T.SP = 552. 2 5 Sec

_.)[ = P/L. - W^_,_,eT- 65OOO- 127.5

U)L-- (=5777 l_o._

uJ,=,,,t_,* X Ce,,,,s_m_.61es)

3173 -t- O.iTC

1.': 0-17 (deplo_)

Tu_ Ler,5_h- L'T = "Z9"7 _'n

Or_;{er PIL B(_I Len_l'h --Lo

AwilAl_le P/L Len_{V,,-- Lo-LT =

Lp = 720- 7.97 = 42"5

L"P " ' I

F

,n = / 32.2_5 r{.
L

NASA MIS.51ON5

%,II4GLE P/L DEPLO,Y"

U.)eo(i)epio9 ) = U.)BoI = _17S -,'O.17(554) = 32_3.1B IB_

5417 IBs
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C..o_IC_'T 310 --_A ('Color)

MLJLTI - P/L DEPLOY

bJso(_nul÷i-PA) = We_z : 3173-r 0.17(534) = 3?.G3.TB. Ibs

_v¢:9(:<_=_o o) : 29'z {'ps:

DOE) M_SS_ON5

LUBO : LIL)60(,,I,,IASA) + ALI_C, OlVlM

= WBo CNJ4_A) + 13.

StNC_LE P/L DEPLOY"

_ eo Coe _ i o_ ) l : 32_)3.18 * 13.2 :
32A(,,. 38 Ibs

(,l-Jp/l.C.Oep_) = _(LUL)tI_o,.[_¢_,_Vv.j_VD) =
53G9 Ibs F'_9 4.3.3.'2 -

Iv'lUL_l- P/L D_.PLOy

CUp/L (,.il_l.}; -p/_. ) : _(lXl_.., uLlilo ,"l-SWc. , AVu , _Vd#)_Vo ) =

AV_:?(_.) _.292 _'_s
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CONCE P7

GEo_',¢NCH

REFEREI',ICE5 B

CI. BAIORE -- I Concei't De{'ini_lon,Is-_'4e 1, c_-ed 16 Au_ 197_

b. B 81 FI047-7:3054,"T-_ Recl.U{"c'men'l's._ Revi_{om _-," d_fzeJ 15 Au 9 1975

GENERAL IMFOF_MA'TION.

W_p_-" 1223 lb5

%0R-r_v -- IO7 It, s

b0C= P/Lo-_A_,_T =(,,5000- I_Z3

IX)_ ; (_5777 |bs

u),_oI = %59& ,_'l.C

% --O.._(l_plo_) ") O- '2___8CRe_fieve}

ISP = 3B8.O sec

I%_-- o.963 :rSP-"5_2. ZS sec

A'4,., --i39_ 7

AV_ -- i38S5

AV_o -- 50 l:'ps

AV<,<,= 13.__.__oGl:>_

,'kV_ - I"(@=Go<>): __

_p.s

(ReJc_i_vc]

CRo,._4 "V_,i,)

292 (2p_{_ulJ_. bepIo_ )

O. "2.-7CR.,ma Tr,t_ )

Relr,evQl Deta_ Module Le_glh = LR = 3__._._t_

OY_, P/L Ba_ L_5_-_, = Lo = 720 ,,_

; RDM d_'a_ne_'er= IO _i

= 720- (_97*3&): 387 _"_ :
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CoAIcP.PT ?/ORt.-3A ((o,,{ )

_4ASA MIS%_©M_

WITHOUT RETR_,EVAL DELAY MODE

_gle P/L

u._ct,,a,_.,--w_,,_- uJeer _- 3 59G +o.17(as4) .-Io7 = %% 49. L8 Il:,s

UJSoc_eh.,e,,_) = uJeo_ = B39_+0.28(49(, ) -_ 3534.88 l_o.s

O0_(,_,,a-(:lt.'(p)= C0_z= "53c)6"eO'27 ([GIG) " 3_3562. 3Z I_

502Co Ib_

I(ol8 Ibs

109(o 15_

R.JPiLCD.epio_) = I_(UJIoR)a.,E.SP_,AVu ,A Vb ) "=

WpLCR_,,ve) . _C(uJ_,u_,,zsp% Avu,nv-, AV,,) -

ua,'l,c,_ r,,p)--_ ( " ) =

See

Fi_. _1.5.$,2- 7

..m-P/L.>

LUBOCDepio_I ) = LU_oZ - L_e_ -- 5"59(o+ 0.17(.$54) -]:07 = 5379.7_ t%s

• Ro.md rr;_p 2

W'|-FH
I

RETRII_VAL D,ELAY MODE

3_96-,- 0.9_7 (619) = 35_3.13 I})s

: ( Pa.,.,,,p F_ 9 4,_._.e- 5
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= COSocaA:_). _._

WITHOOT RETRIEVAL DE.LAY

Smile P/L

cUEoC_r._vz) = 3534.88* 33

uJ_or._u,,a r¢_p): 55(o_,32 _53

MODE

•, _-_s2. 18

-- 55&7. 8,8

: 55'95. $2

_0p/L Cpep Iob ) = _C(_c,_6o, l;sp_, Av.,, 6VD ) =

_P/,. (R--,a T,,_,) = _" (, u ) =

C oNCe: PT 310RE-3A (,(,.,,£)

/bs

490 5 Ilos

1554 Ibs

1o(o2

See

F_ 4.5.'_.z- 7

_ 4. _,_,z- 5

R_ 4.3._.'z - 9

wlulb_ P/L Oeplo j

COco = 5-579. 7 _ • 5.3 = 3412.78 Ibs

u)eL = "rr'(_. _, .T.s_:, t_v_,,av_. &re) = IFi_l 4,5,5,z- ._

I

WITH I_E-T I?.tEVAL DELAY F4OD £.

Ose NASA per_Co_-_nanee

UJp/L
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4.3.3.2.2 310/310RE Fli_ht Summary

Table 4.3.3.2-2

-3

-4

NASA Traffic

DOD Traffic

Combined NASA/DOD Traffic

COMMENTS :

None

PAGE 4-I 19



I

lie

0

o _
_IIIIJl, AII ;_iIril_, _

,_ e_I

....... I.,

t

I

,31

....... i ,

P

qr _

_. I'_

_I_

____-.__i__,- _,__,__'"__.-,,
I _" N N i

' I

'm rn_ _

: I

• i ¸ _

,_f_i _ _ .oil

J

I *

"_ll. "r "_-_ i'"

i

il

._J

- ...I

" F- ;'Z.
h

L; _n

PAGE _-120

(_

!

l
r-.!

l

t

I
?

i

t

!
I

..i.

t z

p. ,,

! n

I' i

'_,; _, _-

13: "-[ --i

' i 1

•'_i _li ----!

.N,I e4t I
,o!!
,,NI ! •
_I) ,.d

I
"?,ii......:,

_I i:!
: 1I

J,

E=..
.

I

qJ

OE
k-
,4

u9
<E

I

)

"7

_q
_5

uJ
_J



M.

I t-

-Z

©

I::i

)-

cz

., IlL

"_)
_J) P

v9

1.1-

• I ,,¢! ti.I ._m,

! ii.....,i
eli a,._i

--_ ; ¢,l va'

i r ;!

t-j (:_! !l ,"_

_-,_- i!_ I

r . i i

_,_'I__ l--,

..... r"........... i........................... "-:'- ..........

t

L

.--; OiN

r !

q3' L_i
J

i i

_i N'-
.!

_i Ni --

-!
l

i !^

I '

m N_

I

it, t
r

,,..%

I"

)'1 i--

i.la >

i.at ..al

t" F

li

I II

"-' i

,', !

_i _',,., i

-4 It:)t

1"- pMa

, I

• I
I i

J

|

!

J

J
I
I

'- --71

I

t-- i

!

a

: ,¢

l_. o-

' ,,.9!1 :

i

!,

-!'._9 _l

e!l-i -

!t ,

i :.Z, ""i

i,:__,

.__ _- 6 _

I .........

, , ,, ,,

Ix_
<

Y

©
C3

.?

co
I

_d

_4
k_
._J
c_

¢_

PAGE _'121 ..



I

d

,<
r-

...... 0

_ o)

I

0

IQ

7-

0

Lt

-\

<I

©

i oi

............ + .......... ;..............

----+

l

t_ _! t_:

_J

i

; !

i

--.f ..... f......

_J _._

I_ _i _ _ i +_
i

., I _il I -_ --+ ' i

_+.l I I ' i t -- I _ ---- ,j --i !

Oi _ _1 i- _ _ _"_ _"_1 ! _'- _ l,f_i b _ _1_ _ !U'l I ',J i I C I I G "_

I

m _il + _,_ n) _+ I I - l + --i

4+ + +_ _ +-+ +y....+
+ I _ '--t l-i oO;T'-- "roll I + II I l ; +

t I ''J i i i t II I t II II I + i +I I
+ - u_ 1_+ + II / , + II II / ', i'

+ +_.....-+................................] IIT-r--T--; .....
I : _ t_l+ . + t +

+ _ i I I I I !

I ++_ +,,, <>:+++ +

_i i [_

!

.......!,Y

UI
Q
0

-1
U.

_d

v)
jI---

4-"
I--,5

+,+I
+II+i

"Z
0

tr- _ r_
t_

0

i

t13 --, b-

-- _"_ "Jl --I

_- _SI +_o_J
........ L_J__-

PAGE 4-122

°J

0 uJ
I _5_
+

+ _l o

I
I

..... j ...... ,

LL
b_
<

F

0

<
©
<
-7

£b
tO

cO

0

i+ t.

|

_6

bY
J



4.3.3.2.3 310/310RE Flight Element Requirements

Table 4.3.3.2-5

-6

-7

NASA Traffic

DOD Traffic

NASA/DOD Traffic

COMMENTS :

a. Retrieval Delay Modules are launched and retrieved

in same year.
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4.3.3.2.4 310/310RE Initial Flight Schedule

Table 4.3.3.2-8 Costed Flight Build-Up

COMMENTS :

a. Abbreviations used in Table

D = Deploy

R = Retrieve

EXP = Expended Tug

DR ffiDelayed Retrieve

RD ffiRetrieval Delay
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4.3.3.2.5 310/310RE Additional Payload Capture Potential

Table 4.3.3.2-9 Additional Payload Capture Potential

COMMENTS:

a. The Retrieval Delay Mode provides the capability of

retrieving up to 8000 pounds from geosynchronous

orbit, far in excess of the quoted deploy capability

for this concept. The complement of the Retrieval

Delay Mode, however, a Deploy Delay Mode which was

not required to satisfy the requirements of the

option, offers the capability of deploying payloads

far in excess of the basic approach and would permit

deployment of missions NT.

b. Within the groundrules established for conduct of the

sortie mission, this concept cannot capture mission

D29. It is possible, however, to explore applications

of theRetrieval Delay Mode which offer the potential

of performing a variation of the sortie, namely de-

orbiting but not retrieving the sortie payload on

the same flight.

PAGE _-129



Z
0

n
o

_i

Ill

tJ

0

0
J

.J

0
m

0

!



4.3.3.2.6 310/310RE Detailed Traffic Assessment Data

Table 4.3.3.2-I0

-II

-12

-13

NASA Traffic Assessment

NASA Geosynch Mixed Missions

NASA Non-Geosynch Mixed Missions

DOD Traffic Assessment

COMMENTS :

ao All missions are accomplished without Retrieval

Delay unless otherwise indicated.
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4.3.3.3 Concept 320A/320AE-3A

4.3.3.3.1 320A/320AE Performance

o Flight Modes

- Figure 4.3.3.3-1

o Geosynchronous Performance

- 320A

- 320AE

- Figures 4.3.3.3-2 thru -4

o Geosynchronous Performance Sensitivity

(Not Available)

o General Performance

- Figures 4.3.3.3-5 thru -12

Page 4-149

4-150

4-150

4-153

4-158

4-161

COF_ENTS :

a. Perf_.rm-'nr_ "__i=_ q-lo+_A____=_ ;___vLboth one and two qea=-__=_

flight modes.

So Two Stage Slingshot performance was calculated for

320A. Because Reverse Slingshot is primary high

performance flight mode for "_0'_*_ ..........J-um_. =LLd =A_ess _=pa

billty associated with 320A Slingshot, the 320A value

was considered representative of 320AE Slingshot

performance.

C . One stage deploy performance for 320AE equal to or

greater than that of 320A. Accordingly, 320A per-

formance curves (Figure 4.3.3.3-5) were used for

both Tug versions.

d. The Tug provides a single 60 ° phasing between first

and second deployments for multi-deployment flights.

No additional phasing is provided for a third deploy-

ment or a subsequent retrieval.
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REFE REI4C F_S:

Q.

CONCEPT "52OA- 3A

GEOSYNCH PERFORMANCE

32OA-I Concept De[irl;{ion, ]_ssue 2, doked 28-z9 Au 9 1973

GENERAL. _.NFORIAT _ON

WF, XeD = Z (o9..__.._51b.5

WAiw_e'i = I(ol___[IIbs (one _÷_e)

= 19Z.___4Ib.s (f,,.,o sta,3e )

ISP = B38,0 5ec

_Tsp= 0.905 ISP--_32. Z5 sec

W_ " G._OO0- Ilol i =

COL= G5000- i924 =

G5 589 Ib..s

G3oTb, Ibs

('U_I. " WF_,.tD +Z Ccon_umo%|es)

= 2(,,95 *o.;7C

_.-O.I1 (.11)cIpio3)

Tu9 Lensfh = LT = 204.76 in/_i"S

Tu3 I_+ers÷o_]e Adapter Le_3+h "-LA = 5.O _n (T_o S{D Fi{_ OnI_ )

Tu_j Forward Moun_,n 9 - L r • 11'2 {n COne 5@9 Flf_ C)nI9 )

l_,ck S{a_e Le_]}h = L_= Ioo ,n (v-s =_21)

Orlo;_ WL Bo 9 Le,_fh : Lo = 7ZO ,n

Available P/L LeY_h = Lp = Lo - ( ZL_ + LAJ

= Lo-(LT. LF_ LKJ

NOT____E_ used ,.u,-H'_one slope onl_

Lp = 720- [.'z(zo4.-/(,,)÷3.o] -- 50-/.48, ,,

-= 720- (204.764- II? ) : 403.24,n

•, 720 - (.ZO4. T&" II'Z 4- I00)-- 30Z,.?-..4,,',

PAGE 4-i5(I
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IqASA MI551ON$

QNE %-rAGE

wi_o_f Wick 5_a._le_..5

W_t-h

TWO %TAQ E

Pi L,,,LJeO,._.o_

I,Ue/L(i)epl._) = _'(t_; t_,,r_.Sfi:,_,V ) --" 5094 I los

M ul÷( _/L Depl_

bUl_f.Deph._), tth_, : 2695.0.17 (i07.)= 271Z

: Z&95*0.1"1 (.z6_) : 2-744

LO r,/tcoe,_,3) : C(w_,w..,tsve._,v.,t,vt,,/_v,):

PA t'E_-151



DC)E) MI5510N cu

u-)l_ = _Uoc_ASA) + ALUcoM_

= UJeOCN_A) -t 1:3,2

E
Ua_o = 2-/55 -_ I_.Z _ 27_,8 ll_

Wp/L = (.Use NASA Pec_o_w_o.n¢._) =

TWO ._TAGE

u,_ : _._z + :_.2 = 'z'/z5 Ib_ C ''+ t=_ )

= 2744. =3, Z ." 2"75_-7 I_ (7-"a%_-s]

S_nqle WL beplo4

LUPIL (_OepIo_) 50:45 Ibs

,Mulh'- W,L Oel:,lo_

4.3.3._ -Z

I
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C_ONCEPJ 32OAE- ..-3A

GEOE, YWC H P=._IRFOP-.MANC..E

Concept Oe[ini{(on _ Issue 2 , dc_ked 29 Au_ |973

GENERAL I.NI:'oRI,4A-TtON
|

WJuD/_eT = I& I I II=s

= |92._.._4Ibs

W_.'_ = I07 |_

I%P = 538.0 _ec

IbPE--O.9e5 ISP : 352.25 sec

(M; = P/L, -W_wPr

U-)6oz" uJ_.( , -_ (C_s,w,_.l,les)

co,,s,__=t, t,_ CT,,-S_Si.0e,,, ) =

_- o.17 (_,,pl,,o) ; 0,_s (.R_,,e,,) ; o._7 (:¢o=.d F.,_)

CTw, S_ Ops o,d b )

"l-=,_Le_n_Hr_ = L't = 204.7& ,n/s÷9

l<5 3gl k_h "- L_ " lO0_

O,b;i,, PIL B% Le,_,__,- Lo=720 ,,,

Lp
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NASA M155101,J5,

QI,,IE _TAGE r..s.4g i_

timcm_j= LO_T. -

co,,Vc,epT _o@,£-34 ('co_.E-)

P/L o.1_ )

27(08 *c_t7 C554)- %o7 =

2"/68 + o.28(49_. ) -

2768 * 0.27 ( _,l.) =

_758 _bs

19o7 II_,

_9s____4I_

W{{-I. I<,6k '_:.,Se Kf> _JZI (P%ane_rar.._ On13)

LDeo = LUso='('Uwre._, = _7G_,*O-17(.Z_5)-107 = 2 7oG, IIo._

,Jo,/L : (U,_ :3=o,,,-_ Pc,-9) -- •=;S 4-a- 3-3=_

TWO 6-rAGE

6llngshot _4ode CDepIo,.jo,,l_j)

_mqle P/L

LO_ofoepto_j.)= ;27G8 _0.17(102)-Io7 =

- 2"/$S_o.17(z81)-to'/ =

UOp/ucc_elo3) , (use 5_oA-_A P=4 )= [ _094 Ilos

Mu I_i - P/L

L"Jso(oepl,,_)- 27(08 *0.17(I0_)-I07 :" 2785 |_5

= ZTb_,+O,l-! (_81)-107 = ZSl(o I_

I

AV_ = zgz _ PAC_E-%:i54

"r,. -
>



co_ic_FT 37.o,4E-3_t(c,,_{)

Reverse Slin_o$ Wiocle

WBo(D..pI.j ) -- _ - I_._-tv = 9.7(o8 *0.17 (101) -IO 7 -

"Z't b_, , O. 17Ct81) -107 -.

bl.)Bo CIz'l-rv _ = (JOgor . _76&*_X8(1ol)

- 2"7&5 _ O.Z7 CIol J

-= '2"tbB -,.O.z7 (z B, )

_)eo ( R "1"_ _- L,Ugo.-r.

z 7s__ss_%s

: zng_ Iks

= _844 lls

( 2"-"s_S)

(I -" _ )

(2"--"-_')

C,_s,s%)

r

IVlulfi- P/L
II

.... ,, . I$t"
s ..--.--.-------v IDb

_U_L,,_. "_7_5_ (I _-'s-_
= _11_ (z "_st%)

5920 Ibs

3800 Ib_

24 30 i_s

%e@

Fi_ 4.=J.3.3 - II

r,_ 4.3.3.3-l?-

_O_,l_.c_.et_: _(u_,t_m, _v_ ) :
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DOD MISSION5

tOeo = CUeo(NASA) "__,CdcoMM

ONE STAGE
i, i ........

OJso (oe_to,.j) : Z758.55 = 277......_!I_'b5

uJe_ (,z_,,) = 2907.53 = 2940 Ibm

weocRrar.r) - 2954-t 37, = 29(o-'{ Ibs

CoNcEpT $ _oA_.-3A (co_t

UJP/L (R+=v)

F_5 4.3.3.5- 5

F,9 4.5.5.3- 8,

F,,] 4.3._.3- 9

TWO %TA G£

S_,n_, _ho'_ w_ode

Gtr_.ciI • ' P/L

LL)Bo =

(..13¢p_0_onl_j)

281G _- 33 = z849 Ibs (z "-_'s÷9)

L_pILcoe#os) : J 4c)72 I_s

PAG-E-_'i_6



ConcEPT 3 _oa _ - 3A (c oh_

_ever_e ,_tln_hof Mode _

CU_cc_pto,_) - Z78% ÷ _3 = 2E! 8 IK_ (l" _+S)

= _8s&,33 = ?-.849 Ib (z_)

Weot_l.r,e_e. ) -- 2796 + 33 - 2.829 I}==; (f/_' 343)

UJ_(_ar,;r) = 2795*33 _ 28'2% I_ (..1_'5t-9)

2,544 .,33 - 2877 _,5 ('2"_t 9)

5_e

= 5-/98 Ihs F_5 4._.s.z_-lo

5"701 llos I='-,'_ 4.S.S.5-1/

2400 Ilos F, 3 4._._. 5- I?..

U,,)PIL CpepIo 5 )

_P/L (R,h';ew_ =

uOHt CRou,,aT_p) =

Mu Ifi - P/L

(,ueocoepio%) = 2.785, _3 = 2B1_...__88l&5 (.1';" S+_)

-- 28a& * _ -- 284_.._..99IIo, (.z"°s-,5)

u°m. ,.,_,,%,,=
I I
F"5 4,3.3.5-3 I
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4.3.3.3.2 320A/320AE Flight Summary

Table 4.3.3.3-1

-,2

-3

NASA Traffic

DOD Traffic

Combined NASA/DOD Traffic

c s:

ae In the Two-Stage configuration, the Slingshot flight

mode was used for all deployments, both single and

multiple, throughout the program. Use of the Reverse

Sl_hot mode with even greater capability is an

optional choice for the 320AE version.
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4.3.3.3.3 320A/320AE Flight Element Requirements

Tables 4.3.3.3-4

-5

-6

-7

NASA Traffic

DOD Traffic

Combined NASA/DOD Traffic

320A/320AEKick Stage Definition

COMMENTS:

None
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4.3.3.3.4 320A/320AE Initial Fli_ht Schedule

Table 4.3.3.3-8 Costed Flight Build-Up

COMMENTS:

a. Abbreviations used in the Table

D _ Deploy

R = Retrieve

EXP = Expended Tug

KS = Kick Stage

IS =One stage

b. All missions are accomplished via two-stage flight

modes unless otherwise indicated.
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4.3.3.3.5 320A/320AE Additional Payload Capture Potential

Table 4.3.3.3-9 Additional Payload Capture Potential

COMMENTS :

None
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4.3.3.3.6 320A/320AE Detailed Traffic Assessment Data

Table 4.3.3.3-10

-ii

-12

-13

NASA Traffic Assessment

NASA Geosynch Mixed Missions

NASA Non-Geosynch Mixed Missions
DOD Traffic Assessment

COMMENTS :

a. For 1984 and subsequent, the two-stage Reverse Sling-

short mode may be substituted for the Slingshot mode

without affecting traffic distributions.
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4.3.4 OPTION 3B

Deploy:

Retrieve:

3500 Ibs

3500 ibs
Starting Dec. 1979

Starting Dec. 1983

Paragraph Subject Page

4.3.4.1

4.3.4.2

4.3.4.2.1

*4.3.4.2.2

*4.3.4.2.3

*4.3.4.2.4

4.3.4.2.5

4.3.4.2.6

4.3.4.3

4.3.4.3.1

*4.3.4.3.2

*4.3.4.3.3

*4.3.4.3.4

4.3.4.3.5

4.3.4.3.6

Mission Model

Concept 310/310ARE-3A

310/310ARE Performance

310/310ARE Flight Summary

310/310ARE Flight Element Requirements

310/310ARE Initial Flight Schedule

310/310ARE Add'l Payload Capture Potential

310/310ARE Detailed Traffic Assessment Data

Concept 510A/_I0_DE-3A

510A/510ADE Performance

510A/510ADE Flight Summary

510A/51OADE Flight Element Requirements

510A/510ADE Initial Flight Schedule

510A/51OADEAdd'I Payload Capture Potential

510A/510ADE Detailed Traffic Assessment Data

4-201

4-203

4-203

4-222

4-226

4-231

4-233

4-235

4-255

4-255

4-280

4-284

4-290

4-292

4-294

*Inputs to Programmatics/Costing - Volume 8

I_AI_Et_-2oP,



4.3.4.1 Option 3B Mission Model

Table 4.3.4-1 Space Tug Study Mission Model

(Option 3B)
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SPACE TUG STUDY TRAFF'IC
CURRENT

MI_SIOkl DESlGh{
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WT L D
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6 7_oo
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8 =3500

SU6.ToXAL
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1'7 iooo
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19 5500

tO 900

21 l&oo

22 2_oo

23 _)ooo

24 33oo
Su6-TOTAL

TO"I"AL NASA"

Z5 (.2)

27 (_s)

28 (17)

Z? (IZb) _ll_iE

So ((,)

31 (4a)
SUe-ToTAL

i

3z i (_Q)
33 C4 b)
94 (.m)

S5 (8)

3(= Ola)

3T (,h)

,i_8 (,l_)
_9 _s)
4o (Jb)

41 (12q) 5ORTIE

c,_a8 • TO"rA L

TonAL DO D

COMB_ED
o "f'A,L.

,'z 8

20 IO

25 14

Jz 8

12, io

12 io

7.o IZ

,7 io
,5 /o

,6 ,2

ll iz

I7 IZ

MODEL OPTION : 36
LOW COST

•DESIGN CALF-NDAP, YEA, P,

TOTAL
WT L D 80 81 82 8_ 84 85 8G 87 68 89 90

_o_o s _, - /'./'3..- LC, _ c-/./,../ '-- --'s',_--"" .:-_i '-" ---;!

_ooo _ ,, .i// ...._ _ , ....i.;......,"., !-_
4GOO II I_ ./ " " >.- "" ..

_- _,_.---o, '.....

.j--- .. /_ ./- ...... ...t- !j-- z.. ..... _....-_-

./ .i " - j--- .....----.i- o./5

.j j .z-';--- _JL- j_ " "i
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(o?o IZ 5 z _./ z.-- _- _---'z ,_--z ,_.---z _----_ .... < '_ "-,',--""7. t.=>-7. _ .-=-i'_z.... 1"-" z.i.---_ _4
1570 15 5 l.- /'-" ' .- ' • • .i

, 7o ,o,z->f-,j-,j-: I, ----,fi,---i
_oo ,z ,o ./ ./-'/_--- z. "ii.- '............. :-
z_oo zo ,o /"'" .--"- ..J'/./' .--- .. .......-!..... !o......d

'J i. ...... :3480 zo 9 I/" "" " _ --" _-- _--- ........

_4- o_o.. + o C.:0"_ (,.__ 4.-s"7 r..-51-4 ._.s _.-._sg._.

850 9 _. S....." ,...--'J' ......5..- ...•" .-:..........-" 3 -.-'"9.::---"'o

7ss s s / _ / ._f--_--J l.J" _ _ J- s.---s..---_
z_,lo _o5_.7/" .J- j-- _...----- z. I_ 4. - ----"Z . -....

(0000 ZO'IO ,r " ...." j--' I.f"i I. i I- I ........"

_'_"o.._-"b_ o _ _ ,z-7 _o,,5,z ,z_0.7 _ _ Iz._.!iz(,,,_....

I I

34 0 _ J l 0 I _4 _ I _ _ _ _ I "
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4.3.4.2 Concept 310/310ARE-3B

4.3.4.2.1 310/310ARE Performance

o Flight Modes

- Figure 4.3.4.2-I

O Geosynchronous Performance

- 310

- 310ARE

- Figures 4.3.4.2-2 thru -5

o Geosynchronous Performance Sensitivity

- Table 4.3.4.2-1

o General Performance

- Figures 4.3.4.2-6 thru -II

Page 4-204

4-205

4-205

4-207

4-215

4-216

COMMENTS :

a. For multi-deployment flights, the Tug provides 60 °

phasing between the first and second deployments.

No additional phasing is provided for a third de-

ployment or a subsequent retrieval.

b. The Retrieval Delay Performance (Figure 4.3.4.2-5)

considers the effects of Retrieval Delay Module Weight

(544 Ibs).

PAGE 4-203
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CONCEPT 3!,,0- 36

,_EOSyNCH, ,,_RFO,F_A_,_CE

REFERENCE5 :

Q. _lBlO-| C_.ncepf De_'_ni'l',on, Z'_SLIP_. _s cln_e_ ?-9 A,_9 1975

b. [_IMO4?" 7_o54,"Tu_ Re_u,te_e_nf_:Revlslon 2,"dafeH L5 A,._3 19"/3

611ElaEI_AL T.kl F_RM A T'Io I_1

ISPE : 0.993 (33_) l 8 _ 2 • 2 5 _ c

u)_ : I:YLo- W_Ji,-r

: GSooo - J5jo

=J;: (.3,.49o_l.=

_l_,z : VJe'l_l;t) * "Z (._q._um.'lbtes)

: 5212- ZC

."_I_t_L=_,1 "- O. l'7

Tu_ Lensf_ : L-r : 2.9-/ m

Orb;fer, P/L I_j L_._ : Lo : 720 in

Lp --720-"Z.9"/ = 4Z5;_

NA,_A wl,)_,!oNs

_eoc_1o_) = _ : .,=Zl'Z+o.r/( "Sz_).= 5Z/,,7. 9:_ Ibs

L

P/GE _-205



CONCEPT 510-:31_ (_a..i-)

uJeo cn re'J) = Ode°_= 3Z I _ -r 0.176534) = __ Ib_

uJe/L.= 4:_. _,,, xs_,=,av_,Av,, Ave,) F; g 4._.4,2..-_-
M,_I'H- P/L's

OoD MI$%ION$

_so = I,t)8oCHAS_) + A_0cow_m

._,_,_l______I__
: %7-b'/.9_ .÷ 15.2 = 32._1.13 Ibs

5 1_4 Ibs

F_"S 4._.4,2-2.

PAGE 4 - 2 _,)(;



REFEREHCE_"

(_l

b.

CONCEPT 310ARE-3B

CIEO_VNC H 9ERFORMA_C E

3E_OA_F..-I C_nceV_ E_"n_h°ns Zssu¢ 9-, dc,¢ea Z9 A_3 IgT_

6811'.4047-73054," l'u S I_.urre_e_n£s, Revls, or, Z," cla,'l'ed 15 A,.,.b 197:3

GENERAL LN FOR MAT"ION

W_,_,:o = 541G Ibs

W_AI_T = 15|O Ibs

We'rev = 107 tbs

WL = I:'_,,. - WA_.,mr = (,.5o00- ,510

W,; = (o549A lb._

_sP - 338.0 see

I.se_ - 0.98_(._,a8.0)= _ _ec

_Vu = 139/_7 _f:,.S

AV,_ =

AV_ =

l& = O.l-f "De_lo_

=- O.'Z8 g,e-tr,e_'¢

O. Z-/ IZ.ou_ct T'¢,_

Re)rne/_l D=I¢,_Mo,tuk: Le_{h "- L_:o_ : 5& m

_,ek _÷_-c3_ L¢_5'rh : L_ = G(_ ,n (KS 3oZ/5o_)_ d,,=_ _ IO-1'2 $'_-,
: 80,,, (_s _ol)

Orgi-i-eT WL B_ Lem_}{h "- Lo--- 77_0 ,_

Av=il_.ble p/L Le_o4"h = Lo-(L-T*nLv.)

kp(=/o_ o,I_i)_) = 7Z0-9_7 = 425 =

LpL_i,_ _ _) = 7ZO-(29"I+S&)- 58,7 --

Lp(.u,;tk _S4j_,,) : 77-0- (z97+80.) .= 345 =

L,,¢_,;a,z#) = 7z_=.(_z__z)= 29/ :
PAGE 4-207

or - Lo - (L_"*L,_t._)

"Zg.58 6t-

z9.75_+

Z4oZ5 _0{.-



CONCE P-I

l,,It_:_zk MI 5_101,,IS

WI'FFIOUT RF-.TI_'IF--.VALDELAy
i

_i'l'ho.{" k_cV. 54",,.qes

_IOARF_. - 55 (coni')

_or_

COSoc_1,t,,,j}-_(.,deoz- uJm-,z,,,- B41G+ o.17('=JSa)-107 = B3(,,(_.18 Ib_s

W_C_h.,,v,) = W_,,z= :541{,,,0."Z,9(49(,,): .,3554._- Ib..s

_i.oC_,u_,aT,;p}:(,0g,_= .._41(oe.O._7_&t&) : _58'2...32 IIc_

C'UFYL£Dep|._) = _ (u0,_.,CO_,,'ra.5,f:_F-,_,Vu, AVD ) --

CUP/LCae.t,r_,_,,,0(_,U_o.,Zsee.,_,V,,,&V,.,.AV=) -

uP_,.(._-,,,,dT,.,_,.),CCuu_,_o,_s_, Av,,.,.av.,,,_v,) =

HBN I Ibs

1545 Iks

1054 l_,s

5e_--_

F,_)4.3.4._- -7

F;34,i.4. Z- 8

F_'_4._.4._-- 0

M,.+lfl- Po.9ioaa=_

DepIo] C_I_

LUI_o= t,tJ_,,z- _er+.v = 341(o, 0.F/(5_4)-IO7 = .:,-,-3599,_8 I_s

cL_/L t.,',pA _._I_) = rP(,.u,_,0._'rs,%/,.V,,.AV,I,.

Double De p,Io_ / Re'ft',eve

uJ_= +so_: • _41/o * OZ"/ (&lk) = 55_Sz._z _bs

L,0plc" C(m,:,u_,,'I_,_,Av,,,AV,_,av,_) _- F';3 4,S.4.Z- 4.

.Wi_h

U.)ec,cm,,,we'r_}=.%_z-u._.,_,v_.341G,o._7 (Z(,,9)-1o"/=

U._o(._,,,_,W,b,N,,_.)=u_e,,z-U,_m.e.v.._a&+ o.n(a4z)- _o-I = 5367, Iq I_

PA-G-E--4'_2-08



COI, JCF-.PT _IOAIRE- R_B (co,_4)

_l _ _ C _ _

uJpjL CPLAN_RY ) :

uJpIt cDou_l_ Detplo3) --

5000 Ib
-_ Av, _84ooGs

:3515 _bs each

K% "501 c_-_ _:'3 4.s.4.z- Io )

K% 50"2. (_,- %_4,_.4._-u)

WIT_ RETRIEVAL DELAY MODE,.
_ III

UOi4_ ona uJii-ho_-I- Y,,Lk 5t_e V,5 3o3

=. 55(53

W I'T H OL)'-r _'_IE TB lii EIV_ _ l _LAY

cO1_o(.oeele,3) = _>io_,l_ ÷ "55

u0e,o(e_.a T,,V,)" _ 582.52.+ 5 2)

Iv11%_ I 0I,,1_

1,4oDE:

_oe/_.(_.a T,,i,)--f( ' ) :

= 35,f'7, E_' I bs

q.7 20 Ib_

144q (b_

lOZ I lids

_ee

F;9. 4.3.4.2 -'/

F;I 4.S.4.Z- 8

r,i 4._.4._ -9



CONCEPq-

UJ_ : 3399.78 +33

_IOARE - 3[:5 cco,_t)

cop/L(,p/,;w_,_) -.[(u.,.:s,,,,v)- F_ _. 4._.4.z-3

Double DepIo_/P.etneve

-_,,7, N * ss = _qoo.i?_ Iks

L u_e 1,4A_A.
Ws _oz _r_.

4-3.4, 2- II )

Wt"I'_ RETR_C'VAL bELAy I,AODE

WP/L

V
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4.3.4.2.2 310/310ARE Fll_ht Summary

Table 4.3.4.2-2

-3

-4

NASA Traffic

D0D Traffic

Combined NASA/DOD Traffic

CO MENTS :

a. Core + KS round-trip flights are actually synonomous

with mission 2 of the Retrieval Delay Mode and entail

a kick stage deployment of a single P/L plus a delayed

retrieval of a second P/L.
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4.3.4.2.3 310/310ARE Flight Element Requirements

Tables 4.3.4.2-5

-6

-7

NASA Traffic

DOD Traffic

Combined NASA/DOD Traffic

COMMENTS :

No_e
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4.3.4.2.4 310/310ARE Initial Flight Schedule

Table 4.3.4.2-9 Costed Traffic Build-Up

COMMENTS :

a. Abbreviations used in

D = Deploy

R = Retrieve

RD ffiRetrieval Delay

KS = Kick Stage

EXP ffiExpendable

the accompanying table
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4.3.4.2.5 310/310ARE Additional Payload Capture Potential

Table 4.3.4.2-10 Additional Payload Capture Potential

COMMENTS :

a. The Retrieval Delay Mode enables retrieval of very

large payloads, up to _ 7000 pounds, but maximum

deployment capability for the flight modes considered

is somewhat less than 5000 pounds. The complement of

Retrieval Delay, Deployment Delay, which was not

considered for this concept since the basic flight

modes more than satisfied performance requirements,

has an inherent capability of deploying significantly

more than 5000 pounds which would enable deployment

of missions N6 and N7.

b. Although not considered for this analysis because of

the groundrules assumed for sortie missions, variations

of the Retrieval Delay Mode offer the potential of

capturing mission D29 if the groundrules can be

relaxed to allow brief separations of the sortie

module from the Tug.

%.4
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4.3.4.2.6 310/310ARE Detailed Traffic Assessment Data

Table 4.3.4.2-11

-12

-13

-14

NASA Traffic Assessment

NASA Geosynch Mixed Missions

NASA Non-Geosynch Mixed Missions

DOD Traffic Assessment

COMMENTS :

None
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4.3.4.3 Concept 510A/510ADE-3B

4.3.4.3.1

Comments:

a.

510A/510ADE Performance

o Flight Modes

- Figure 4.3.4.3-1

o Geosynchronous Performance

- 510A

- 510ADE

- Figures 4.3.4.3-2 thru -4

o Geosynchronous Performance Sensitivities

-Table 4.3.4.3-I

o General Performance

- Figures 4.3.4.3-5 thru -14

For multi-deploy flights, the Tug will provide a 60 ° phasing

between the first and second deployments. No addltional

phaslngwill be provided for a third deployment or a subsequent
retrleval.
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MULTI PIL DEPLO'Y-- CORE ALONE

/ v_\_
P/L RE'rRtEVE.- CORE. • 0KS P/L REI"RtEVE-- CORE ALONE

P/L® • AKS P/L(_* OKS
f ee. .....

I
I

! • \
W w

•Rou_,iD "l'Ri P --CORE. J, Ale'5 _r DI<'5
ROUND TR_P-CORE ALONE

P/L.

V

v '='_o_TtE- CORE. ALONE

CONCEPT

5tl4_LE P/L DEPLOY- EXPENDED CORE

510A/SiOA DE -_){::5

FLIGHT MODES

FIGURE. 4-_4 -4 -I
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.CONCEPT _)10 A,--SB

GEOSYMCH PEI_FOR MA_IC_

r_E FE_ ft..NOES ".

q. 51oA-I Conc_ept be_21_,÷,om, Zss_4e. _ , d_ie4 29 Au_ Ig?5

b. B81_O4-'/: -/3054, "T_,_ Regu_feme,'_{._., I_ev,_o_ "_, "grt_J 15 A,x5 1073

GENERAL ]:I.,IFORMATIOI',J :

v,/_.(_=, = 3"=32..._._.99Ib=

WA=_,,pT= _ IgS

CUZ = P/L= - WA_A_r '= G5aoo - 151o

u)_ = (o549q Ibs

= _:329 + 7C:C..

l'Sp = 327, 2 _ec

"I-GPE -- O.CtS_ "l'_P = :_7-1-.G3_'

Au : INOI9 ._--1p.S

&Vo ; )3 Be I ._p.s

"_-o,..pto_ = O. 17

Z p.e_.ev¢ "= O.Z_

"X.eo_ T<;_ --"o. 'Z'/

"T-_ L¢,',5_r'_ :L-r : 300 ''

.... 3.... _ ''

O,'101-t_Y P/L BaEI I._n3"ih = Lo : "7ZO ,n

Ava, l_ble P/c Le,_'lh -" Lp = Lo-(L-_ _ rlL_ )

LPcwm R.s) : 720- 300 : 42..0 _,

Lp(_,.i_,v_ _,,)-" 720 - ( "_oo ,,-Bo ) " 549 {,',

Lr,{.,.,,m, _.s.) " 720-(%oo* _oG) " 554 &

Lp(_,m z_.s.) " "7zo - f.5o0. 4- t52 ,) : '2..6t_ 'k

( Co. _S _,.,, L,,-- 8o,_ )

: 55. o 4"_-

: 28.5 [_-

PA3E t_-257



CO_JCEP-T

N_,%A M I '551 o N _ :

_I_TEIOLJT V,_CK =o-_AO¢.5

5 10A'tSB Cco,,÷)

5329+ o.17(354) = 5389. _& Ibs

See

Multi P=_lo(_dS

LX3PIL C- PA.)

= _19.-7_ !_

/ vl.l_iF_$ 4.3.4.5= 'Z.. P/L'S

v

W_T_I K_Ct< %_AGE5

P!one'!'._:,-J P/L O_?lo_
J

W_ = 5319+ 0,17{Z(_9) = 5375

LUI,IL (p_one+o¢_})

K_3 50'7_- Doubl_. PIL _ei:'i°'J-I'4o Re'i'r,eval

u._o = OU_oz = 53"/g.+O.17(34ZJ = 3387 IloS

LO ire. _-
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CONCE P7 510A- 5B Cco,-,_-)

KS 50"_ Single P/L Deploy- Lot'e',r Refr_eval

_,_em = _eo:r- 53"zg.to, r"f(269)-- _3-/5 II_s

Wp/L : _. 5825. IB

KS 504 Dou_ole P/L DepIo_ - La'i'e_- Re't'r_evcli

U.}e,o : uOe,.f. : 5'_29 ,O.l'/ (54Z) : 33:_7 l_._

"2.400 I_s/p__

K5 505 ._,.n31e P/L P,,ounci T'r, e

Uaeo = _oz _ 3_z9 -,o,l't(2.6,_) - _'I.____5 I_

LOp/i. = I IZ3851_oS Fi5 4.3.4.3-1_

KS 505A Co,nqle P/L DepIo_l orl IRounci Tr,p M,ss,on

UI_Ip/L : GO90 Ibs '_'_'3,4.3.4.3- 14-
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CONCEPT

OOD MtS$1oN5

_/ITI-IOUT KICK _TAC_F..S

U_plc = (2(m_,_eo, ZsP_,&V,,, gVb) = 66 5 9 l i:>.s F_

W_Tv4 V, i C v. STA_ES
Z I

Os_ NASA I_.S. Per_o,_c¢

_ee F";_I's 4, 5,4,5-10 4r_r_ - I&
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CONCEPT S I ,O,,ADE- 5

_._FE_ENC_ 5"

(3. 51OAOE-I Con¢ep_ be_il_;_,0.. _sue- Zj cla{ed ?-9 Au 9 19"/:_

b 51OAD_-I _l_._. 54_e Ch_rac}er,${IcS , T...%tke Z ,d_'_e_'l "2.9 Au_ 1973

C B_'l _o47- 75o54, " q'_ I_e_,remen_5 j _ev,slo_ 2," dotted i5 A_:_ 1973

GENERA L _HF'oi_ _ATI Or4

uJF,_o = 55_4 Ib.s

OO+,_,_ : I.St 0 tbs

UJR_v = 107 Ib_

_L = P/Lo-WA_APT : (_SooO-I_O =_3q90 I_

= 3.554. ZC

&"se--- 3z--/..__.._._zzsee

_.SPE--"0.983 I'sP --

&V_, : Iuo_8 9ps (cor_o,.,L_)

"_pepb,,. 3 = O.|-'I

"Y-.e,,,,aTr,i_-- O.9.'/

Tu S Le_ng{h : L-r = 500 ,n

= 72o- 306 - ,420,. -
Lp O,Uo _s)

L@ (,,.,a_s5,_!)_ 720-([Boo't"8o) = _4Om =

Lp (.,._,,tv zvs) = 7g.o- C3eO.* _,3z) : 288 m :

Lv. = 8_C:),;_ )

 9.5 £¥

-ca. o
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CONCEPT 51OADE -_Co_,',,4-)

NAsA MI _SION.S

WITHOUT J4 ICI< _T_S

s,_5_e _'o._ Ioo_..o_!

LOl_Ceee_)- t,L)Be.I-CO_R._-" _5:_4 +0-17(354)-IO7 -- "5487.1_

_)_oCe¢_-_'_e) = cO_z = %55_4 .* O.Z8 6..49# ) = E,e72.8,S lips

UJOo (e-,,,,,,,,_T,-,,,.)- _e,,,.z = _,554. o."z7 ((.16) : ._70o.3z I_,._

5055 Ibs

Go5 Ib5

528 I bs

_ee_.

F,_i4J.4.3-<,,

F;_4.3.4.3-7

;F,_4,_._,_-8

_BoCn p/u c_) : _z - W.¥,-__v: 5554.0._7(5_4)-Io7 = 5517,7_

I ]
p,.fl,,3J =lC(u-'L.,(.oeo, I_5PE, AV,.,.,,_,V,, &,'v'v):IF(_ 4.5.4.3-5J

Z_V_---.C(_. 6o')- 29: ¢_:
l / De F l_ i

WI-V_

/.,U_ = 359,4 +O.2.7(e,i/,,,) = 57oo.3Z Ib5

lOP/l-C__'I_._)_|,| elle-r)•"_(m;.,_t.%o,_&Pe, aV_.,AVe,AVv) =

V._cv. %"TA,G E $

m,.,Ih- PA-

l_e4rf_ev_

K5 501 Pl_e_-c_c_] P/L ID_plott
- le7

u_= u_z__t., , _ _s_4,0._7¢z_,))_ _R7......._

UL)p/L =

Ibs



CONCEPT 510AOE-Si'5 Ccont)

_cP__

F_ _.3.4._- =0

K_

U,)_,o =

_o-, = "_.5_4, O,2.._(.(_bo)- 571q I_ (-.R=÷e__vc)

_e
LOp/L = "_'Z% I_s F;,_ 4.Z,.4.3-11

K%

K_

uJ_/L _ 4.3,4. 3-I_

UJ_,° = uJeoz : 5S_4,0,27 (,5:'9) = ...%_4

_ee

4.3.4.3-I_
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Wpi L
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CONCEPT

DOD MIS_IO_4%

UJBo = IAltaoc_A_A) 4 Z_k_/ce_

'_N_-T_oo-r KICI_ _-rAG, ES

IDea (.eo,,.,_7-_,p) = 370o.37-+ 3 3

AD

- cdeo_,_,,,i • 3:3 I}0s

-- 35zo.1_" ll_.s

= s7o5._ I_

= _,733.5Z I_>.S

LUp/L C_e_rf_,,eJ-- J_(cu, ISP_, &V ) ---

Zgo_> i b5

_98 Ibs

495 Ib5

F,._ 4,3ai,3 - (¢

F,_ 4.5.4.3 - 7

v,_ a._ 4._ -

Deplo, 3

(MeG = 3517.7Ef . 33 = _550.7g }tl3'

uJp/_. : #( _u, _sp£, AY)

Ave = £(¢:60 o) : 292 rPpj

F,'_ 4._.4.3-

Ro&_d Tr_p _i'l'_ M,tl_-i-l_/t- 9e01,,_

U3So = 5700, az.* "53 = 57_5.5Z I_

LUp/c = _(u0,ZSee, AV)

&V(_ -- £(e--e_ o) : -zez Ce:

F i __ _,_,4.3-4 v_ul_i- P/L

I"_pIo _

4-

I_¢'ll" iF I o ,,1 e

W 1334 V.,ICl4 S'I'AG E _

See F¢_'s 4._,4._- Io _r,_ - 14
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4.3.4.3.2

Comment s:

None

510A/510ADE F11_ht Stmmmry

Table 4.3.4.3-2 NASA Traffic

-3 DOD Traffic

-4 Combined NASA/DOD Traffic
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4.3.4.3.3 510A/51OADE Fli_ht Element Requirements

Table 4.3.4.3-5 NASA Trafflc

-6 DOD Traffic

-7 Combined NASA/DOD Traffic

-8 Kick Stage Definition

Comments:

a.

b.

Deorbit Kick Stage (DKS) required for Tug payload retrieval

launched in 1979 are charged to the Tug program and are

accounted for in 1980.

DKS's are accounted for in the year they are launched, not
retrieved.
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4.3.4.3.4 510A/510ADE Initial Fli_ht Schedule

Table 4.3.4.3-9 Costed Flight Build Up

Comments:

a. Abbreviations used in the accompanying table

D = Deploy

R = Retrieve

KS = Kick Stage

EXP = Expended Tug
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PAYLOAD
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TABLE 4.3. A.3 -9
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4.3,4.3.5 510A/510ADE Additional Payload Capture Potential

Table 4.3.4.3-10 Additional Payload Capture Potential

Comments:

ao The basic Tug and Kick Stages sized and applled to meet the

requirements of this option do not capture the additional

retrieval missions quoted. However, it appears probable

that utilization of the round-trip kick stage, KS405, as a
single deploy with later retrieve will significantly enhance

performance capability. Since this has not yet been substantiated,
the additional capture of the retrieval mission has not been
claimed.
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4.3.4.3.6 510A/510ADE Detailed Traffic Assessment Data

Table 4.3.4.3-11

-12

-13

-14

NASA Trafflc Assessment

NASA Geosynch Mixed Missions

NASA Non-Geosynch Mixed Missions

DOD Traffic Assessment

Comments:

a. Where Deorblt Kick Stages (DKS's) must be launched in 1979

to support Tug P/L retrievals, they are accounted for separately

as shown on the accompanying data sheets. They are charged to

the Tug program in 1980.

b. DKS's are accounted for in the year they are launched, not

retrieved. Retrieval dates may be determined by applying

the specified Mean Mission Duration (MMD) to the launch date.

C. The first page of Table 4.3.4.3-12 is devoted to defining the

Kick Stage launches required in 1979 to support Tug P/L

retrievals. The flight number column contains identification

of the mixed mission flights and year for which the Kick Stages

are required.
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